. 1 The effect of oxidant relative flow rate on the sulfur removal degree and conversion level of coal organic matter has been determined. Sulfur content, as well as ash content and volatiles yield depend on the mentioned values. The optimal oxidant relative flow rate to realize the oxidative desulfurization process has been found with the aim of obtaining raw material for pulverized coal production.
Introduction
For the production of cast iron the world and Ukrainian metallurgical enterprises use expensive fuel and energy resources (coke and gas) which, in turn, increase the price of finished steel [1] . The partial solving of this problem is pulverized coal injection (PCI) technology, allowing the considerable decrease of natural gas and coke flow rate and reduction of steel production price.
Taking into account the world practice of PCI application [3] [4] , there are strict requirements for the raw material used in PCI (Table 1) , sulfur content in particular. This chemical element is detrimental for blust-furnace production, thus it is desirable the quantity of sulfur in coal would be minimum and does not exceed the quantity of sulfur in coke used for blust-furnace smelting.
The reserves of Ukrainian coal is sufficiently great (approximately 33,873 mln. tons; 3.8 % of world reserves) [6] . However, the source of raw materials which may be used for PCI technology is limited. The reason is a restricted quantity of coal with sulfur content to 1 % (100,000 tons) [7] . 1 LvivPolytecnic National University, 12, S. Bandery St., 79013 Lviv, Ukraine * mari4ka.ved@ukr.net © Shved M., Pyshyev S., Prysiazhnyi Yu., 2017 To extend the sources of raw materials for PCI technology it is proposed [8] to use an oxidative desulfurization of coal, i.e. selective oxidation of pyrite sulfur, which is the main sulfur in coal, by an oxidant (air or air-steam mixture -ASM) to the sulfur(IV) oxide. The effect of hydrodynamic parameters and process temperature on its main characteristics was described in [9, 10] . But other parameters may also affect the desulfurization process, ASM : raw material ratio, in particular. The aim of this work is to study the above-mentioned effect.
Experimental

Initial Material
Low-rank coal from "Belorechenskaya" mine (Donetsk coal basin, Ukraine) was used for the experiments. It was grinded and fraction of 0.1-0.25 mm was chosen on the basis of previous investigations [9] . The reason for such choice is that just at mentioned coal size the oxidative desulfurization process aimed to produce the raw material for PCI is the most effective.
The investigated coal is high-sulfuric coal; pyrite sulfur is 51 % of the total sulfur content in it.
Experimental Methods
Oxidative desulfurization was carried out on a laboratory plant, a block diagram of which is shown in Fig. 1 . The plant consists of three main parts:
-Block for oxidant preparing and heating; -Reaction block; -Block for trapping and separation of volatile products.
The main unit of the plant is an ideal mixing reactor (with a fluidized bed).
The desulfurization gases were analyzed using LHM-72chromatograph with a thermal conductivity detector. Helium was a carrier-gas. 
Methods of Data Processing
To characterize ASM : raw material ratio we used the term "oxidant flow rate ratio" (OFR). OFR was calculated as the ratio between a volumetric flow of ASM (m 3 /h) and coal mass (kg).
Based on the weight of the initial coal, yields of COM decomposition resin and desulfurized coal, the sulfur content in the initial and desulfurized coal, volume and composition of desulfurization gases we calculated a number of indices characterizing the process efficiency.
1. The degree of total sulfur conversion (DTSC), %: S -the content of pyritic sulfur in the desulfurized coal relative to the dry sample, wt %.
3. The degree of coal organic matter conversion (DCOM), %: The first index (DTSC) describes the quantity of sulfur converted into gaseous sulfur-containing products. This sulfur will not get into atmosphere while using desulfurized coal, i.e. this parameter characterizes the ecological efficiency of oxidative desulfurization.
The second index (DPSR) depends on the sulfur end content in the resulting coal; i.e. it is the ratio between the rates of desired (pyritic sulfur conversion) and undesirable (COM conversion) reactions.
To characterize the depth of COM conversion we calculated the third index (DCOM), which describes the relative quantity of coal spent for the formation of resin and desulfurization gases.
K ef determines the direction of COM conversion, i.e. the ratio between quantity of COM, from which combustible products are formed, and quantity which is burnt (spent for CO 2 formation).
The fifth and sixth indices characterize the effect of oxidative desulfurization parameters (in this case oxidant linear velocity and coal particles size) on ash content and volatiles yield of desulfurized coal.
Results and Discussion
It should be noted that during oxidative desulfurization the ash content increases and volatiles yield (depending on degree of coalification and process conditions) decreases or slightly increases due to COM conversion. Taking into account data from Table 1 we assert that requirements for oxidative desulfurization with the aim of obtaining raw material for PCI differ from those for coal desulfurization described in [11, 12] . If we obtain the raw material for PCI it is necessary to minimize the increase in ash content and volatiles yield (it is desirable volatiles yield would decrease). At the same time the sulfur content in desulfurized coal should not exceed 1.2-1.5 wt %.
The process conditions under which the effect of oxidant : raw material ratio on the oxidative desulfurization is studied are presented in Table 3 . We chose them based on data from [9] [10] [11] [12] /h decreases the yield of desulfurized coal by 7.5 wt %. The reason is the increase in intensity of gasification, thermal decomposition and burning of the organic matter. The increase in RFO also increases the quantity of thermal decomposition liquid products formed during the process and evaporated in the oxidant flow. Thus, the increase in OFR increases the yield of COM decomposition resin by 4.4 wt % (Fig. 3) and degree of COM conversion (Fig. 5) . The fuzzy dependence of solid products total yield (coal and decomposition resin) is observed (Fig. 4) . The maximum yield of oxidative desulfurization solid products is achieved at OFR equal to 4.8 m 3 /h·kg, i.e. at the mentioned value the COM burning and its thermal decomposition are optimal for this process. One can see from Fig. 6 that the increase in OFR decreases the efficiency factor by almost three units; it means stimulation of COM burning and increase in CO 2 quantity in desulfurization gases (Table 4) .
Almost all sulfur (pyrite sulfur first of all) which reacts with the oxidant (ASM) converts into sulfur oxide. It is confirmed by negligible quantity of H 2 S. The content of sulfur(IV) oxide increases with the increase in OFR to 4.8 m 3 /h·kg. Further increase in OFR decreases SO 2 concentration in desulfurization gases. We explain this by the fact that quantity of removed sulfur at OFR > 4.8 m So, the increase in OFR provides: i) the increase in ash content and, consequently, the increase in DAI;
ii) the decrease in volatiles yield and, consequently, the increase in CVY.
The first item is related to the decrease of COM during the process, the second -to the decrease of thermally unstable compounds in desulfurized coal.
The increase in OFR decreases the content of pyrite and total sulfur in desulfurized coal (Table 6 ) and increases degree of total sulfur conversion, as well as degree of pyrite sulfur removal (Fig. 7) . The highest rate of pyrite sulfur oxidation is achieved at ORF = 4.8 m 3 /h·kg. Further increase in ORF actually does not affect degrees of sulfur conversion and removal (Fig. 7) . Fig. 8 represents ORF regions, where requirements for desulfurized coal relative to sulfur content, ash content and volatiles yield are satisfied from the standpoint of coal using for PCI technology. ORF optimum values were found to be within 4.34-4.53 m 3 /h·kg under the process conditions given in Table 3 .
Conclusions
The maximum yield of oxidative desulfurization solid products (coal and decomposition resin) is achieved at ORF equal to 4.8 m To determine process parameters under which optimum ratio of sulfur and COM conversion rates is achieved, i.e. to obtain coal with a sulfur content of 1.2 wt %, ash content of 10 wt % and volatiles yield of 38 wt % it is necessary to study in future the effect of process time and oxidant composition.
